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(54) STAINLESS STEEL CRYOGENIC FUEL CELL SEPARATOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a separator for a cryogenic fuell cell with improved acid- 
proof and conductive properties, by inserting acid-proof coating to form conductive coating on 
stainless steel substrate surface. 

SOLUTION: The separator for a cryogenic fuel cell is based on stainless steel, the acid-proof 
coating selected from group consisting of Ta, Zr, Ni, Ti, Ni~Cr alloy is formed on substrate 
surface, and the conductive coating selected from group consisting of Au, Pt, Pd, is formed on 
the acid-proof coating. Since the conductive coating is provided by inserting the acid-proof 
coating even if the conductive coating is thinner, elusion of metal ion from the stainless steel 
substrate is prevented. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

CLAIMS 
[Claim(s)] 

[Claim 1] The separator for the low temperature form fuel cells made from stainless steel with 
which stainless steel is used as a base material, the acid-proof coat chosen from Ta, Zr, Nb, Ti, 
and a nickel-Cr alloy is formed in a base material front face, and the conductive coat chosen 
from Au, Pt, and Pd is formed on this acid-proof coat. 

[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the separator made from stainless steel of the 

fuel cell which works at low temperature including a polymer electrolyte fuel cell. 

[0002] 

[Description of the Prior Art] Also in the fuel cell, the fuel cell of a solid-state macromolecule 
mold is equipped with the advantage which can operate at the temperature of 100 degrees C or 
less, and is started for a short time. Moreover, since each part material consists of a solid-state, 
structure is easy, a maintenance is easy and it can apply also to the application put to vibration 
or an impact. Furthermore, since power density was high, it was suitable for the miniaturization, 
and it has the advantages, like fuel efficiency is high and the noise is small. From these 
advantages, the application as an object for electric vehicle loading is examined. If the fuel cell 
which can take out mileage equivalent to a gasoline automobile can be carried in an automobile, 
there will almost be no generating of NOx and SOx and it will become a very clean source of 
power to an environment that generating of C02 is halved etc. A polymer electrolyte fuel cell 
uses that the solid-state macromolecule resin film which has a proton exchange group in a 
molecule functions as a proton conductivity electrolyte, and has the structure of passing fuel 
gas, such as hydrogen, to the 1 side of a solid-state poly membrane, and passing oxidizing gases, 
such as air, to the side a sink and else like the fuel cell of other formats. 

[0003] As shown in drawing 1 , the air electrode 2 and a hydrogen electrode 3 are joined to both 
sides, and the solid-state poly membrane 1 is making the separator 5 specifically counter 
through a gasket 4, respectively. The air supply opening 6 and the air exhaust port 7 are formed 
in the separator 5 by the side of the air electrode 2, and the hydrogen feed hopper 8 and the 
hydrogen exhaust port 9 are formed in the separator 5 by the side of a hydrogen electrode 3. 
Two or more slots 10 which extend in the flow direction of Hydrogen g and oxygen, or Air o are 
formed in the separator 5 for the flow of Hydrogen g and oxygen, or Air o, and homogeneity 
distribution. Moreover, since there is generation of heat at the time of a generation of electrical 
energy, after making the interior of a separator 5 circulate through the cooling water w sent in 
from the water supply opening 1 1, the water-cooled device made to discharge from an exhaust 
port 12 is made to build in a separator 5. 

[0004] The hydrogen g sent into the gap of a hydrogen electrode 3 and a separator 5 serves as a 
proton which emitted the electron from the hydrogen feed hopper 8, the solid-state poly 
membrane 1 is penetrated, an electron is received by the air electrode 2 side, and it burns with 
the oxygen or Air o which passes through the gap of the air electrode 2 and a separator 5. Then, 
power can be taken out, when taking out a current from each separators 5 and 5 in contact with 
the air electrode 2 and a hydrogen electrode 3 and connecting a had, a fuel cell — the amount 
of generations of electrical energy per one eel — **** — it is small. Then, electric energy in 
which drawing is possible is enlarged by making into one unit the solid-state poly membrane 
inserted with separators 5 and 5, as shown in drawing 1 (b), and carrying out the laminating of 
two or more eels. With the structure which carried out the laminating of many eels, the contact 
resistance of the air electrode 2 and a hydrogen electrode 3, and each separators 5 and 5 has 
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big effect on generating efficiency. In order to raise generating efficiency, conductivity is good, 
the low separator of contact resistance with the air electrode 2 and a hydrogen electrode 3 is 
required, and the separator of graphite is used like the phosphoric acid fuel cell. 
[0005] The separator of graphite starts a graphite block in a predetermined configuration, and 
forms various kinds of holes and slots by cutting. Therefore, the cost of materials and a 
conversion cost are high, and while skyrocketing the price of a fuel cell as a whole, it is the 
cause of reducing productivity. And a possibility of damaging with the separator which was able 
to be done with the graphite weak in quality of the material if vibration and an impact are added 
is large. Then, making a separator from a metal plate by press working of sheet metal, punching 
processing, etc. is proposed by JP.8-1 80883A 
[0006] 

[Problem(s) to be Solved by the Invention] The air electrode 2 side which oxygen or Air o passes 
has acidity in the acid ambient atmosphere of pH 2-3. The metallic material with which are 
satisfied of the property which bears such a strong acid nature ambient atmosphere, and is 
moreover required of a separator is not put in practical use an old place. For example, acid-proof 
ingredients, such as stainless steel, can be considered as a metallic material which bears strong 
acid, and the separator with which this invention person etc. used stainless steel for the base 
material is introduced by JP,1 1—12101 8,A. Although stainless steel presents acid resistance by 
the firm passive state coat formed in the front face, by the passive state coat, surface electrical 
resistance and contact resistance become high, a lot of Joule's heat occurs in a contact part, 
and it serves as big heat loss, and reduces the generating efficiency of a fuel cell. Moreover, in a 
fuel cell ambient atmosphere, a metal ion is eluted a little from a stainless steel front face. If the 
eluted metal ion invades into a poly membrane, the transportation efficiency of a proton will be 
reduced. The generating efficiency of a fuel cell falls also by this. 

[0007] When performing thick-film plating, such as Au, Pt, Pd, etc. excellent in acid resistance, 
to stainless steel, the elution of a metal ion is controlled. Plating layers, such as Au, Pt, and Pd, 
are effective also when lowering contact resistance. However, in order that thick-film plating 
may consume Au, expensive Pt, expensive Pd, etc. so much and may raise the cost of a 
separator, it cannot say it as a practical solution. If plating thickness, such as Au, Pt, and Pd, is 
only made thin in order to control a cost rise, the inclination which the elution of a metal ion is 
not fully controlled and contact resistance increases by partial exfoliation of a plating layer will 
be seen. 
[0008] 

[Means for Solving the Problem] Even if this invention makes thin conductive coats, such as Au, 
expensive Pt, expensive Pd, etc., by making the coat which presents the acid resistance which 
was excellent in the fuel cell ambient atmosphere on the assumption that conductive coats, such 
as elution control of a metal ion, and Au, Pt, Pd effective in the fall of contact resistance, were 
given placed between interfaces with stainless steel, the elution of a metal ion is controlled and 
it aims at contact resistance offering the low separator for low temperature form fuel cells. In 
order that the separator for low temperature form fuel cells of this invention may attain the 
purpose, it uses stainless steel as a base material, and is characterized by forming in a base 
material front face the acid-proof coat chosen from Ta, Zr, Nb, Ti, and a nickel~Cr alloy, and 
forming the conductive coat chosen from Au, Pt, and Pd on this acid-proof coat. 
[0009] 

[Function] The stainless steel plate has received thermal processing of hot rolling etc. in the 
manufacture process, and the oxide layer (scale layer) is formed in the steel plate front face. 
Directly under the scale layer, Or lack layer which has a bad influence on acid resistance has 
arisen. Especially, in the stainless steel plate to which heat treatment of annealing etc. was 
performed, since Or diffusion to a scale layer from steel materials is advancing, the effect of Cr 
lack layer becomes large. An oxide layer makes the Joule's heat which originated in contact 
resistance where the laminating of the separator made from a stainless steel plate is carried out 
increase, the surface layer which deteriorated promotes the elution of a metal ion, and all have a 
bad influence on the generating efficiency of a fuel cell. 

[0010] The increment in contact resistance and the elution of a metal ion can be controlled by 
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giving conductive coats, such as Au, Pt, and Pd, to a stainless steel front face. However, when 
preparing conductive coats, such as Au, Pt, and Pd, in a stainless steel front face directly, as 
mentioned above, the conductive coat of a thick film is needed. Then, even if it makes thin 
thickness of conductive coats, such as Au, Pt, and Pd, acid-proof coats, such as Ta, Zr, Nb, Ti, 
and a nickel-Cr alloy, are made to intervene between a stainless steel front face and conductive 
coats, such as Au, Pt, and Pd, in this invention, so that sufficient low contact resistance and the 
metal ion elution prevention effectiveness may be secured. 

[0011] Ta, Zr, Nb and Ti which are used as an acid-proof coat, and a nickel-Cr alloy present the 
acid resistance which was excellent in each also in the severe corrosion ambient atmosphere, 
and act effectively as a barrier layer which protects a stainless steel base material. When making 
this acid-proof coat intervene, even if it makes thin conductive coats, such as Au, Pt, Pd, etc. 
which are formed on it, there is no elution of a metal ion, and it becomes the stainless steel 
plate of low contact resistance required of the separator for fuel cells. 
[0012] 

[Embodiment of the Invention] It is required to be equal to the corrosion by the acid of an 
oxidizing quality and a non-oxidizing atmosphere as stainless steel used as a base material, and 
stainless steel, such as austenite, a two phase system, and a ferrite system, is used. A thing with 
the presentation which has 14 - 35% of the weight of Cr concentration and 5 - 60% of the weight 
of nickel concentration, for example, contains C:0.008 - 0.2 % of the weight, Si:0.05-5.0 % of the 
weight, Mn:0. 1-5.0 % of the weight, nickel:5.0-60 % of the weight, and Cr: 14-35 % of the weight as 
austenitic stainless steel is used. A thing with the presentation which has 1 7 - 35% of the weight 
of Cr concentration and 2 - 60% of the weight of nickel concentration, for example, contains 
C:0.008 - 0.2 % of the weight, Si:0.05-5.0 % of the weight, Mn:0.1-5.0 % of the weight, nickel:2.0- 
60 % of the weight, and Cr:17-35 % of the weight as two phase system stainless steel is used. A 
thing with the presentation which has 20 - 35% of the weight of Cr concentration, for example, 
contains C:0.001 - 0.3 % of the weight Si:0.02-5.0 % of the weight, Mn:0.5-5.0 % of the weight, 
and Cr:20-35 % of the weight as ferritic stainless steel is used. 

[0013] In order to raise the acid resistance of a base material further, one sort, such as Mo, Cu, 
and N, or two sorts or more may be added. That is, in the fuel cell to which raise the current 
value per unit area, and power density is made to increase, the stainless steel base material 
which was more excellent in acid resistance is needed from pH falling. Then, acid resistance is 
improved by adding Mo:0.2-7 % of the weight, Cu:0.1-5 % of the weight, and N:0.02 - 0.5% of the 
weight of one sort, or two sorts or more. Moreover, depending on the case, addition of Ti, little 
Nb, little Zr, etc. can also raise acid resistance. 

[0014] It is desirable to pretreat a stainless steel plate in advance of formation of an acid-proof 
coat, and to remove a surface deterioration layer and an oxide film. As pretreatment which 
removes a surface deterioration layer and an oxide film, pickling is in a typical thing. Although, as 
for acid-washing conditions, proper conditions change with steel types, since acid washing of 
stainless steel advances by the dissolution of the base which is directly under a scale, the acid 
which added the oxidizer is used. FUTSU nitric-acid acid washing which used the mixed acid of a 
nitric acid and fluoric acid is widely adopted as acid-washing processing liquid from the ability to 
process in a short time, and it is suitable also in this invention, acid-washing processing 
conditions — for example, a "stainless steel handbook" — the conditions indicated by the 
1 133rd edition [ 3rd ] (edited by Japan Stainless Steel Association) page are adopted. That is, a 
processing liquid presentation is 5 - 20% of 1 - 5% + nitric acids of fluoric acid, and the range of 
60 degrees C is suitable for processing temperature from ordinary temperature. Moreover, as an 
acid-washing method, dip coating is simple and effective. The scale and Cr lack layer adhering to 
a stainless steel front face are removed by FUTSU nitric-acid acid washing, and a uniform and 
thin oxide film is formed in a stainless steel front face. Acid resistance improves by formation of 
a thin oxide film, and contact resistance also becomes small as compared with acid-washing 
before. 

[0015] Acid-proof coats, such as Ta, Zr, Nb, Ti, and a nickel-Cr alloy, are prepared in the 
pretreated stainless steel by the plating which used CVD methods, such as PVD, such as 
sputtering and ion plating, and Heat CVD, plasma CVD, electroplating, and an organic solvent 
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solution. For example, by the sputtering method, the cation generated by carrying out glow 
discharge of the inert gas maintained in pressure of 0.1-10Pa is made to collide with a target 
(cathode), and a coat is formed by making the atom flipped off from the target deposit on a 
stainless steel substrate. By the ion plating method, the charge of vacuum evaporationo material 
is evaporated by the exposure of the electron beam accelerated by several kV or more, and the 
adhesion of a stainless steel substrate and a vacuum evaporationo coat is raised by ionizing an 
evaporation particle. Especially acid-proof coats, such as Ta, Zr, Nb, Ti, and a nickel-Cr alloy, are 
excellent in acid resistance, and can fully bear also in the low pH environment where the 
separator of a fuel cell is put. Therefore, the dissolution of stainless steel is prevented by 
covering a stainless steel plate front face with acid-proof coats, such as Ta, Zr, Nb, Ti, and a 
nickel-Cr alloy. The thickness of acid-proof coats, such as Ta, Zr, Nb and Ti effective in acid- 
proof reservation, and a nickel-Cr alloy, is completely set as wrap extent in a stainless steel 
front face, and its 0.1 micrometers or more are desirable. 

[0016] After forming an acid-proof coat, conductive coats, such as Au, Pt, and Pd, are formed by 
CVD methods, such as PVD, such as sputtering and ion plating, Heat CVD, and plasma CVD, 
electroplating, etc. For example, rare gas ion, such as Ar, is made to collide to targets, such as 
Au, Pt, and Pd, a metal atom is calculated from a target, and it is made to deposit in sputtering 
on the stainless steel substrate which the acid-proof ingredient covered. There is no constraint 
that especially sputtering conditions are noble metals, and the usual conditions are adopted. 
However, since Au, Pt, Pd, etc. are used for a target, it is desirable to shorten distance from a 
target to a stainless steel substrate as much as possible, and to gather deposit efficiency. When 
carrying out Au plating with electroplating, for example, a gold cyanide potassium bath is used. 
When carrying out Pt plating with electroplating, plating baths, such as a dinitro diamine 
platinum-salts bath and a tetra-nitroglycerine platinic acid potassium salt bath, are used. Use 
effectiveness is well suitable for a dinitro diamine platinum-salts bath. Pd metal is 1 / 2 - 1/3 of 
Au, and since Pd plating presents the electric contact resistance and corrosion resistance which 
are moreover equal to Au, when cost reduction is taken into consideration, it is effective plating. 
Plating metals, such as Au, Pt, and Pd, have good conductivity, and since it excels also in acid 
resistance, they maintain sufficient low contact resistance by very thin thickness also in the low 
pH environment where the separator of a fuel cell is put. Here, since the elution of the metal ion 
from a stainless steel plate is prevented by the acid-proof coat, if the conductive coat has the 
function to reduce contact resistance chiefly, it is enough. Therefore, unlike the case where 
coats, such as Au, Pt, and Pd, are formed directly, a conductive coat is made to a stainless steel 
plate thinly (specifically 0.1 micrometers or less) enough, consumption, such as Au, expensive Pt, 
expensive Pd, etc., is lessened, and the rise of cost is suppressed. Furthermore, even if it forms 
a conductive coat in island shape, the fall of the contact resistance required of the separator for 
fuel cells is achieved. 

[0017] As for a conductive coat, it is desirable to follow an acid-proof coat and to form. For 
example, when changing to sputtering using the target for conductive coat formation after 
inserting a stainless steel plate in the vacuum chamber of the sputtering system which set the 
target for acid-proof coat formation, and the target for conductive coat formation and carrying 
out predetermined time continuation of the sputtering using the target for acid-proof coat 
formation, an acid-proof coat and a conductive coat are formed continuously. Thus, when 
forming an acid-proof coat and a conductive coat by the same vacuum chamber, as well as the 
advantageous thing process-wise and in cost, it is suppressed from the ability to process 
without breaking a vacuum that an oxide film generates on the front face of an acid-proof coat, 
and the adhesion of the conductive coat to an acid-proof coat improves from it. Consequently, 
the stainless steel plate for separators excellent also in workability is obtained. 
[0018] 

[Example] As a stainless steel base material, it is SUS316L. BA finishing material (C:0.02 % of the 
weight, Si:0.56 % of the weight, Mn:1.7 % of the weight, nickel:12.9 % of the weight Cr:17.3 % of the 
weight, Mo:2.4 % of the weight, Cu:0.09 % of the weight) was used. The stainless steel plate was 
degreased and acid washing immersed in a HCI water solution for 2 seconds 10% was performed. 
Subsequently, the stainless steel plate after acid washing was inserted in the vacuum chamber 
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which has arranged Ta as a target. The sink and the main valve were adjusted for Ar gas by flow 
rate 300sccm, and the ambient pressure of a vacuum chamber was maintained to the 6x10 to 2 
Pa degree of vacuum. Subsequently, after continuing the cathode sputtering for 10 minutes and 
removing the oxide film on the front face of stainless steel, it changed to anode sputtering and 
sputtering of the Ta substrate was carried out for 5 minutes. Consequently, Ta coat of 1 
micrometer of thickness was formed on the surface of the stainless steel plate. After forming Ta 
coat, the target in a vacuum chamber was changed to Au, and Au plating layer of 0.03 
micrometers of thickness was prepared on Ta coat. 

[0019] The piece of a stainless steel plate blank test in which Ta coat and Au coat were formed 
was started, and the acid-proof trial and the contact resistance trial were presented. It examined 
similarly about the stainless steel plate in which only the pure stainless steel plate, the stainless 
steel plate in which only Ta coat was formed, and Au coat were formed, for the comparison. In 
the acid-proof trial, it was immersed in 90 degrees C of bath temperature, and the sulfuric-acid 
water solution of pH2 for 168 hours, and the corrosion weight loss of the piece of a weight 
change blank test before and behind immersion was measured. In the contact resistance trial, 
carbon-electrode material was contacted to the test piece by 10kg/cm2 of loads, and the 
contact resistance between both was measured. 

[0020] As the results of an investigation of Table 1 saw, in the base material (test numbers 2 
and 3) with Ta coat, corrosion weight loss was zero substantially. On the other hand, in the pure 
stainless steel base material (test number 1), the metal ion was eluted, and the elution of a metal 
ion was detected, also when only Au coat was formed (test number 4). However, in the base 
material (test number 2) which prepared only Ta coat, contact resistance was high, and when a 
large number were piled up as a separator for fuel cells, it was expected that loss by the Joule's 
heat becomes large. On the other hand, when Ta coat and Au coat are formed (test number 3), 
contact resistance has fallen sharply, and it turned out that the demand characteristics as a 
separator for fuel cells are fully satisfied. And even if Au coat formed through Ta coat had the 
good adhesion over a stainless steel base material and it processed the stainless steel plate into 
the separator configuration by punching, bending, etc., Ta coat and Au coat did not exfoliate from 
a stainless steel base material. Therefore, also in the separator after shaping, the outstanding 
low contact resistance and the acid resistance which are shown in Table 1 were maintained. 
[0021] 
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[0022] 

[Effect of the Invention] As explained above, since the separator of this invention forms the 
conductive coat in the stainless steel plate used as a base material through an acid-proof coat, 
even when put to the strong acid nature ambient atmosphere of a fuel cell, it does not have the 
elution of a metal ion, and is holding down the contact resistance which caused loss by joule 
generation of heat to the sufficiently low value. Therefore, when using it as a separator with the 
structure which carried out the laminating of many eels for low temperature form fuel cells, while 
corrosion shows little outstanding endurance also in a strong acid nature ambient atmosphere, 
the transportation degradation of heat loss or a proton which tends to be generated when the 
laminating of many eels is carried out is controlled, and a fuel cell with high generating efficiency 
is obtained. 
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[o o o 7] ^T^w^ffl^jfcjiiettir-a^fcAu, p 

40 AmfflZixZ* An, Pt, P d«£(75J6o#®|i, 

l±, S5ffi/£Au, Pt, P d^$r^l;lr^*L, u 
hX#&#]fMi-57t»?>Au, Pt, Pd^ 

[000 8] 

50 *W«rtWJ?»»*fc»«;«>teTI=#«i*Au. Pt, Pd*f 



3 

m^fr&ZitZztizX*)^ iftflfi&Au, Pt, Pd^ 

ttt U S*t*ffil-T a, Z r , Nb, Ti, Ni-C 

i©ii;au, pt, p dfrtbM&fttzmm&&m*w 

[0 0 0 9] 

[0010] «««ttojfj!jo&o^jR'r^->'«)»aHt. 
XTyk^MiAu, pt, p dmcomnvt&mz 
m-r^ itct^^sij-c^^o l^u au, pt, pa 

^r-e, **w«w*5v>T»±, au, pt, Pd*$<Dmn 
mfemnmiw-i:n< hx^+^tttmrn^scxf^m^ 

ffitAu, Pt, P d*$<D>£nVk&8ib<DffllZT a , Z 
r, Nb, Ti, N i -C r &&W<r>Wim&BZl!&&-fr& 

[ooi i ] mmiiBimb vx&m znz r a , z r , 

Nb, Ti, N i -C r^&tt, ffi;txfcil§iS&J&:£#H 

JBS$r/N3E$-t£-5 to±i:»*SH4Au, Pt, 
<> -te^i — ^|^S**ixS(g:«««Si«)^ 
[0 0 12] 

\%m<r>mm swt/is^^flitLm awn 

\s*mb LTH, 14~3 5li%OCrlJtM5~ 
6 0fi*%<£>N i fcixliC : 0. 00 8 

~0. 2£fi%, Si : 0. 0 5~5. 0lt%, M 
n : 0 . 1 — 5 . 0 Ni : 5 . 0 ~ 6 0 Sft 
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% Cr : 1 4~3 5fi*%Sr$tpffljES;S:t>ofc(D^{e 
ffl$4xio — tB*^x^u-^0li: U"CI±> 1 7~35t 
i%(DCrI(IM2~6 0ll%(DN i 

i x:l:f C : 0 . 0 0 8~0. 2fi*%, S i : 0. 0 
5-5. 0fi%, Mn : 0. 1—5. 0ft%, N 
i : 2 . 0-60 C r : 17-35 S*%Sr^ 

^itUtt, 2 0-3 51I%©C r »&Srt>*>, fc 
t Xli, C : 0 . 0 0 1-0. 3 mJt%, S i : 0 . 0 
10 2-5. 0fi*%, Mn : 0. 5 — 5. 0fi*%, C 
r : 2 0-35 li% 5r b o t W^ftffl $ 

So 

[o o i 3] &w<Dwmvk*m^m£>ztzib, mo, c 

o : 0. 2-7**% Cu:0. 1~5S*%, N : 
0. 0 2-0. 511%© 1 HXI2 2«W±«rflS*0-t-?> 
20 1 jfifgH4£r3fc»-f- -5. Sfc, ■toTti, 

'>iroTi, Nb, Z r*f(OjSiotrJ:oTt>Wi!H4SrifiS 

[0 0 14] i»SH4^)tSS<o^{w^aroT^x^u-^«l 

^\ &ffi&iim j ?mkBim*t&£:Tzitommb l 

— /uiffT«-***lfi<o*«|^J:oTJ»fTi-5fci!). SHL 
r. b bfc < tstiXia *) , #*IHfc*it t# 

7 S /il~5% + «5~2 0% > *aa?fi« li^fiA^ ib 

[0 0 1 5] m^M^iXlt^'ryU^.m^. Ta, Z 
r, Nb, Ti, N i --C r &&$<Dffl&fe.$Ltik1fi*'< 

VD, 7'7XvCVD^©CVDi*, m^o£, 

li, x^'y^yy^te-eH, 0. 1 - l 0 P a coEE^ir 
* i J* L It * Stt ^ ^ & ^ n - Sic M $ -& 5 3. b t = i o T £ 
figLfeiE-r^->Sr^-y2/ h (tt«) 
50 y-y h7)^##mtf$4xfc®T-5r^x^U^fl!*«±l' 



( 4 ) 

5 

|ti]±$-ti:-5 0 Ta, Zr, Nb, Ti, Ni-CrM 

<D±;<ls-t fcmZtlZi&P Hftm^&^X h+'AlCffi 
ZCDtzbb, Ta, Zr, Nb, Ti, Ni-C 

rtl:i>), *^>-w*iH<7>&#;Wit£n£„ 10 
5t{£KW#l&Ta, Zr, Nb, Ti, Ni-Cr^ 

5^aic!9;*$ix. 0. 1 mU±t>W-£L\,\ 
[0 0 1 6] WSfcmfcJgSrffMLfc^ 

-ftV/l'-rYy^PVDS, HftCVD, 7° 
7XvCVD^CVDfe, t^fto^^tAu, P 

t, p d*t<Dmn\>tBimAW)$.£iiz>„ ■tttz.tt, 

V 9 !) ^"Cli, Au, Pt, Pd^W^-yyUlM 
fcfc'U Au, Pt, Pd«Sr^-yy M:ftfflt4r 

ho^r^y *Jffl3ft*jJSft < 30 

5. Pd*o£(2 N PdIMAuroi/2~l/31? 
L*»t>AutcE«c-t--5®«gHte8^0 t lSt^t44r 

o^-efcSo au, pt, p d«?tr?i6o^^jR(i, mm 

o-0\h.li+#-C*>5„ Lfc^ox, u-^iWgl;: 40 

Au, Pt, P d&<n>8Lm*W&Mtfrt-Z>m&t&ti: 

T) T*#, iCffi/jAu, Pt, Pd*«>?H**Sr'>*< 

[ooi 7] m*&&m\zmmvxmf3t. 
■i-zzkAW*n\ ft h mm&&m&i&m*- 
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•> V y^Dtx.5^, iMfctt 

[0018] 

[HiS^Jl ^fyy^SiSttt Lt, SUS3 16L 

BAtt-ktf# (C : 0. 0 2li%, S i : 0. 561 
S%, Mn : 1. 7 3:4%, N i : 12. 9fi*%, C 
r : 17. 3£i%, Mo : 2. 4fifi%, Cu : 0. 

0 911%) SrtfefflLfc. *x^u-*8tt££J!jt)IgU 1 
0%HC 1 **«fc2#«*-r3*ifeSr*Lfc. 

■C, Ta Sr*-yy h- <t LtiaiLfc»$f+ W<I3K 

*^W^.^^lx^.|fltg$r^ALfc 0 jjft*3 0 0 s c c m 

XA r #*£r«U * -Y ^Vu^SrWIffli LTJ*^* >- 

'<0>#H*UE*Jfcfitf 6 X 10'Pa KHJSLfc. 

T», B«^<5'^ !) y^«r 1 0»Bi«Lt^f> W 

Si*fl5«>IMfc»t«rlfc3sLfc«, BS^^^Dy^ 

9#AtT«*8fc5»Pll^y#!;^Lft. 

ft, 7fyU^i«S(0*ffi!;lf)f 1 W m«TaM*if 

— N£AulC^9#;t, J»J?0. 0 3 m mCOA u * 

[0 0 19] TafiRSt;AuSI«$nfc^fy 

StK«l:Wtfc. Jfc«<ofcit>, iiroxfyy^««, 

T a h- & L * T- V U * fHSS A u 

Sr^J& Lf^Tyu^aSlio^TtM 1*1* L 
fc. WaW4W»t?tt, M9 0t, pH2<DaS?7k^?K 

tz i 6 8^p B ia»L, aws(f«roa:**ft»»e>KHK-w 

1 0 k g / c m' "C* "#ytittSrSfiS*. 

[0 0 2 0] * 1 c7)IiS*£*li^.t 3 n?. J; Ta^ 

fSo^?»S*t (K^ft^-2, 3) -e»i«*«**s^K«j 

##1) -CIl^JR-r^-^^WLTSb^, #JR^^>-W 
*aM:Au&ilo?*S:»fifcbfc»^' (f*i*#^-4) lit 
L^U. Ta&fflt«)*Sr|Slitfc*«- (MR 

**<45Ci*5f«SM. rntC^fLT, Ta^« 



y v x m&i & ± u — * mW; i w An x l t t * r- y u * 

*1 : ftHlifi6^*«tttta^*AI*«ICfttf-r*« 



( 5 ) 2001-93538 

8 

&nit&mi&tfi8.vmwt&iimft a rut, 
[0021] 







TaftJK 

Am 


AuftJt 

ix m 


mO • cm 1 


***** 


1 


SUS3 1 6L 






136 


0.110 


2 


1 




256 


0 


3 


1 


0.03 


3.06 


0 


4 




0.0a 


3.01 


0.020 



Kftttfttt, ph 2 vimwamKL 1 6 s mmm* ufc«©«rr«r. 



[0022] 



20 



feSI (b) 



[Ell] 
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70 > Y^-~-~J<nWt% 

^RS«?*m5)*BBI5#lffi BKrMIH^ g*n»&fa m h 3 *bt 1 #116 ha^gfti 

F^— A(##) 5H026 AA06 BB04 CC03 CC08 EE02 
EE08 EE12 



